The concept of heterologous immunity and the interplay between viral infection, whether acute or persistent, and the initiation of a distinct antigen-specific immune response has generated considerable interest in transplantation. There is substantial literature outlining the relationship between previous viral infection and the subsequent immune response to transplanted tissues.^[@bib1]-[@bib9]^ Heterologous immunity poses a significant barrier to transplant tolerance,^[@bib10]-[@bib14]^ and a further understanding of the mechanisms by which previous and concurrent viral infections give rise to transplant rejection remains a critical area of study.^[@bib1],[@bib15]-[@bib19]^ The tissue tropism of a given viral infection in the host is also an interesting facet of this interplay, because recent evidence has shown that the tropic nature of certain viral infections plays a crucial role in the development of clinical disease.^[@bib20]^

BK virus is a human polyomavirus (PyV) that is primarily and increasingly associated with renal transplantation and its attendant requirement for immunosuppression.^[@bib21]-[@bib24]^ BKV-associated nephropathy (BKVN), or more generally speaking, polyomavirus-associated allograft nephropathy (PVAN), affects up to 10% of renal transplant recipients and has been implicated in resultant graft loss in up to 7% of cases.^[@bib19],[@bib25]-[@bib28]^ Despite its growing recognition as an important clinical problem, much of the mechanistic pathogenesis remains unknown.^[@bib29],[@bib30]^ We have previously described a mouse model of PyV-associated allograft injury, in which acute infection with mouse polyomavirus (MPyV) and transplantation of an allogeneic kidney resulted in allograft loss.^[@bib31]^ Further studies in this model revealed that the adaptive immune response, and not viral cytopathology, was responsible for rejection.^[@bib32]^ These studies established the relationship between alloimmunity and local PyV-mediated allograft injury.

In this study, we further investigate the role of the adaptive immune response in the context of viral infection for PyV-mediated rejection of kidney allografts in the mouse model. Using adoptive transfer of primed T cells into mice incapable of generating a primary T cell response as well as an antigen-specific transplant model, we demonstrate that donor-reactive T cells, and not antiviral T cells, are necessary and sufficient to mediate rejection in the presence of local viral infection. We also find that this is not a consequence of generalized viral inflammation or acute infection, but rather infection of the graft itself. Furthermore, graft-infiltrating alloantigen-specific T cells in infected mice were more likely to have an effector phenotype compared with T cells in uninfected recipients. These data suggest a mechanism in which viral-induced local inflammation within the kidney augments the alloimmune response, leading to PyV-mediated rejection of the allograft. These studies describe a key role for tissue-localized viral infection promoting antidonor T cell activation and effector function that results in rejection.

MATERIALS AND METHODS
=====================

Mice and Kidney Transplantation
-------------------------------

C3H/HeJ (H-2^k^), C57BL/6 (H-2^b^), and B6C3F1 mice were purchased from The Jackson Laboratory (Bar Harbor, Maine). Alymphoplasia (aly/aly) mice on the B6 background were obtained from F. Lakkis (University of Pittsburgh). C57BL/6-Tg(CAG-OVA)916Jen/J mice were used^[@bib33]^ (University of Minnesota). Kidney transplants were performed in 8- to 12-week-old male mice as previously described.^[@bib32]^ There were no significant differences in perioperative mortality between groups, and overall surgical mortality was less than 10%. All transplanted mice were observed for 48 hours after transplant to monitor for immediate complications from surgical technique. All transplantation and procedures were performed in accordance with the Institutional Animal Care and Use Committee of Emory University.

MPyV Infection
--------------

MPyV was prepared as previously described.^[@bib34]^ On day 1 posttransplantation, mice received 1.5 × 10^6^ plaque-forming units of MPyV in hind footpads, unless noted otherwise. The construction of recombinant MPyV virus carrying the SIINFEKL epitope embedded in the middle T open reading frame (MPyV.OVAI) has been described elsewhere.^[@bib35]^

Murine Herpesvirus 68 Infection
-------------------------------

Murine herpesvirus 68 (MHV-68) was obtained from S. Speck (Emory University), prepared and administered as previously described.^[@bib36]^ Briefly, B6 mice received 1.0 × 10^5^ plaque-forming units of MHV-68 intraperitoneally on day 1 posttransplantation.

T Cell Purification and Transfer
--------------------------------

For adoptive transfer experiments using antiviral T cells, splenocytes were harvested from C57BL/6 mice 8 days after MPyV infection. For those using allospecific T cells, spleens or draining lymph nodes were isolated from C57BL/6 mice 14 days after placement of a C3H/HeJ skin graft. T cells were purified by positive selection using an AutoMACS (anti-CD90.1) (Thy1.1)-coated microbeads; Miltenyi Biotec). A total of 1 × 10^7^ T cells were transferred on day 1 or 2 days before transplantation.

OT-I T Cell Transfer
--------------------

Bulk splenocytes from OT-I mice were assayed for CD8 and Valpha2 expression via flow cytometry.^[@bib37]^ A total of 3.5 × 10^6^ OT-I T cells (transgenic CD8+ T cells specific for chicken ovalbumin \[OVA\]) were transferred 1 or 2 days before transplantation.

Creatinine Measurements
-----------------------

To assess renal function, the creatinine (Cr) concentration in plasma was measured using the modified kinetic Jaffe reaction, as previously reported. The baseline level of mouse serum creatinine is approximately 0.2 mg/dL, as reported by our group and others.^[@bib31],[@bib38]^

Real-Time Polymerase Chain Reaction for MPyV DNA
------------------------------------------------

Taqman real-time polymerase chain reaction was used to quantify genome copies of MPyV, as previously described.^[@bib39]^ The following primers were used: forward primer 5′-CGC ACA TAC TGC TGG AAG AAG A-3′ corresponding to nt 1040 to 1061 of the PyV A2 strain genomic sequence; reverse primer 5′-TCT TGG TCG CTT TCT GGA TAC AG-3′ corresponding to nt 1120 to 1142. The limit of detection is 10 copies of genomic viral DNA per mg of tissue.

IFNγ Production Measurement
---------------------------

Intracellular fixation and staining for IFNγ was performed on cells per the provided instructions from an available Intracellular Cytokine kit (BD Biosciences, San Jose, CA). SIINFEKL peptide was used for stimulation.

Histologic Evaluation
---------------------

Kidney sections were fixed in 10% neutral-buffered formalin and embedded in paraffin. Serial 4-μm sections were stained with Harris hematoxylin and eosin (H&E).

Statistical Analysis
--------------------

For survival, significance was evaluated using the log-rank test. For viral loads and serum Cr levels, significance was evaluated using either a 2-tailed Mann-Whitney *U* test or the Kruskal-Wallis test and Dunn multiple-comparison procedure, if applicable. These calculations were performed with Prism statistical software (GraphPad, La Jolla, CA). A *P* value less than 0.05 was considered significant.

RESULTS
=======

Primed Allospecific But Not Antiviral T Cells Mediate PyV-Associated Allograft Injury
-------------------------------------------------------------------------------------

We have previously demonstrated the requirement of a primary T cell response in PyV-associated graft injury/rejection.^[@bib32]^ One limitation with this model was the inability to distinguish the contributions of the alloimmune versus the antiviral immune responses. To further delineate which T cell population was responsible for the allograft injury, we performed adoptive transfer experiments in which splenectomized aly/aly mice were transplanted with C3B6F1 kidneys and infected by MPyV on day 1 posttransplantation (Figure [1](#F1){ref-type="fig"}A). One day before transplant, we transferred 1 × 10^7^ T cells from a WT B6 that 14 days earlier had received a C3H skin graft (allospecific T cells) or 1 × 10^7^ T cells from a WT B6 mouse that was inoculated with MPyV 2 weeks earlier (antiviral T cells).

![An augmented alloimmune response, but not an augmented antiviral response, promotes PyV-associated allograft injury. A, Experimental model for antidonor and antiviral adoptive T cell transfer in the splenectomized aly/aly mouse. C3B6F1 donor kidneys were transplanted into B6 aly/aly recipients with splenectomy and bilateral nephrectomy. Mice were infected by MPyV on day 1 posttransplantation. T cells were transferred on days −2 or −1 pretransplantation. B, Survival of transplanted mice receiving no cells (n = 5), anti-allo cells (n = 6), or antiviral cells (n = 8). C, Serum creatinine at day 60 or time of death and (D) viral load in kidneys at day 60 or time of death. (The number of data points per group is decreased from the initial survival curves due to mouse death before samples could be obtained). Dots represent individual mice. Dashed lines indicate limits of detection. E, Representative histology at day 60 or time or death. Although the transfer of antiviral T cell shows expected infiltration, the transfer of anti-allo T cells shows the greatest degree of histologic damage (H&E staining; original magnification, ×400).](txd-3-e161-g001){#F1}

Compared with a control cohort where splenectomized aly/aly mice were transplanted and inoculated with MPyV alone, only the transfer of allospecific T cells, and not the transfer of antiviral T cells, caused a significant increase in PyV-associated injury and death as evidenced by percent survival by day 60 (Figure [1](#F1){ref-type="fig"}B). The PyV-associated injury was graded by histologic analysis (% infiltrate and tubulitis); however, due to the difficulty in predicting death in mice, serial creatinine values in the preterminal period were not possible. The transfer of antiviral T cells did result in a significant decrease in viral load (indicating that the antiviral cells were functional) with a mild increase in serum creatinine levels, indicative of nonlethal kidney dysfunction (Figure [1](#F1){ref-type="fig"}C). Correspondingly, the transfer of allospecific cells resulted in uncontrolled high viral loads similar in number to inoculated mice who did not receive any T cell transfer (Figure [1](#F1){ref-type="fig"}D). The transfer of allospecific T cells also resulted in a more severe degree of injury as assessed by histology (Figure [1](#F1){ref-type="fig"}E). These data suggest that the alloimmune response and not the antiviral response is required for PyV-associated injury in this mouse model and confirm our previous finding that high viral loads themselves are not associated with allograft injury, excluding a role for directly mediated viral injury in the absence of other effector mechanisms.

Antigen-Specific Antidonor T Cells Are Required for PyV-Associated Allograft Rejection
--------------------------------------------------------------------------------------

Although the experiments described above using aly/aly mice allowed us to distinguish the impact of the allospecific and antiviral T cell response, the transfer of bulk T cell populations limited our ability to normalize both numbers and activation status between the allospecific and antiviral groups. More importantly, with the adoptive transfer of the antiviral T cells, there may have been introduction of some allo-cross-reactive T cells limiting our ability to isolate the effects of the antiviral response.^[@bib40]^ To better control for variables in the transferred cell population, we performed adoptive transfer experiments using a well-characterized surrogate minor antigen transplant model system that uses tissue obtained from mice that express chicken OVA and OVA-specific OT-I T cell receptor-transgenic CD8^+^ T cells.^[@bib41]^ In 1 set of experiments, donor kidneys were harvested from mice genetically engineered to express membrane-bound OVA (mOVA) under the β-actin promoter such that it is expressed on the surface of all tissues including the transplanted kidney. In this group of experiments, the transferred OT-I T cells were effectively antidonor T cells. In the other set of experiments, a recombinant MPyV in which the gene for OVA was inserted in the middle T reading frame was used so that all virally infected cells express OVA (MPyV.OVAI). In this latter experiment, the transferred OT-I cells were functionally antiviral. Therefore, although the actual antigenic peptide (SIINFEKL) remains the same, the method of antigen delivery differs---donor kidney tissue versus viral infection. In this model, we can finely control the number of transferred antigen-specific T cells, all primed by the same antigen, to ensure uniformity between the 2 groups.

To assess the contribution of antidonor OT-I T cells to PyV-associated allograft injury in this model, an mOVA kidney on the B6 background was transplanted into a B6 mouse that had undergone bilateral native nephrectomies (Figure [2](#F2){ref-type="fig"}A). Mice were infected with MPyV on day 1 posttransplantation and the OT-I T cells were transferred a day before transplant. In the presence of both OT-I T cells and virus (but not either one alone), there was PyV-associated rejection of the mOVA kidneys (Figure [2](#F2){ref-type="fig"}B). Correspondingly, these mice had elevated serum creatinines and histologic evidence of increased allograft damage at the time of death (Figures [2](#F2){ref-type="fig"}C-E). In agreement with previously published reports,^[@bib32]^ we saw no correlation between viral load and survival.

![Antidonor CD8+ T cells and MPyV are both required to cause rejection. A, Experimental model for functional antidonor adoptive OT-I T cell transfer in the B6 mouse. B6 mOVA donor kidneys were transplanted into B6 recipients with bilateral nephrectomy. Mice were infected by MPyV on day 1 posttransplantation. OT-I T cells were transferred on days −2 or −1 pretransplantation. B, Survival of mice receiving MPyV infection alone (n = 3), OT-I cell transfer alone (n = 3), or both MPyV infection and OT-I cell transfer (n = 5). C, Serum creatinine at day 30 or time of death and (D) viral load in kidneys at day 30 or time of death. (The number of data points per group is decreased from initial survival curves due to mouse death before samples could be obtained). Dots represent individual mice. Dashed lines indicate limits of detection. E, Representative histology. OT-I T cell transfer and viral infection together result in a greater degree of histologic damage than either condition alone (H&E staining; original magnification, ×400).](txd-3-e161-g002){#F2}

To assess the contribution of antiviral T cells to allograft injury, B6 kidneys from donors previously infected with a recombinant MPyV.OVAI were transplanted into B6 mice passively immunized with a neutralizing VP1 mAb,^[@bib42]^ with OT-I T cell transfer the day before transplant (Figure [3](#F3){ref-type="fig"}A). Passive immunization of the recipients was necessary to avoid systemic dissemination of viral infection, but such immunization does not prevent allograft dysfunction and rejection in this mouse model (data not shown). Transfer of functional antiviral OT-I T cells resulted in 100% survival, low serum creatinines, and less histologic evidence of allograft damage (Figures [3](#F3){ref-type="fig"}B-D). Taken together, these data support the conclusions drawn from the previous experiments in aly/aly mice; namely, that the mechanism of allograft dysfunction and rejection in the mouse model of PyV-associated allograft injury is a consequence of the antidonor, and not the antiviral, immune response.

![Antiviral OT-I T cells and MPyV are insufficient to cause rejection. A, Experimental model for functional antiviral adoptive OT-I T cell transfer in the B6 mouse. B6 donors were infected with a recombinant version of MPyV recognized by OT-I T cells (MPyV.OVAI), and the recipients passively immunized with VP-1 before transplant to prevent the dissemination of viral infection confounding the study. OT-I T cells were transferred to B6 recipients before transplant with the MPyV.OVAI B6 kidney. B, Survival of mice receiving MPyV.OVAI infection and OT-I cell transfer (n = 4), OT-I cell transfer alone (n = 5), or MPyV.OVAI infection alone (n = 4). C, Serum creatinine and viral load in kidneys at day 21. Dots represent individual mice. Dashed lines indicate limits of detection. D, Representative histology. OT-I T cell transfer and viral infection together result in infiltration and subclinical histologic damage (H&E staining; original magnification, ×400).](txd-3-e161-g003){#F3}

MPyV Infection Enhances the Effector Function of Antidonor T Cells Within the Graft and Spleen
----------------------------------------------------------------------------------------------

To explore the effect of viral infection on the functional phenotype of antidonor T cells, mOVA kidneys were transplanted into B6 recipients and either infected on postoperative day 1 with MPyV or left uninfected. As with previous experiments, OT-I T cells were transferred to the recipients the day before transplant. On post-operative day 7, recipients were sacrificed and kidney and spleen tissue were processed for flow cytometric analysis. We found that in the presence of MPyV infection, the number of these antidonor T cells that exhibited effector function was significantly higher in the infected graft (Figure [4](#F4){ref-type="fig"}). The number of antidonor effector T cells was higher in the infected spleens as well (Figure [4](#F4){ref-type="fig"}), perhaps because of ongoing allograft rejection induced by tropic infection. These data confirm that the allospecific cells that are present in MPyV infected transplant recipients have significantly higher effector function as evidenced by their increased production of IFNγ after peptide stimulation. Future studies could include additional cytotoxicity assays and intracellular staining for increased production of other cytokines.

![Infection with MPyV enhances the effector function of anti--alloantigen-specific OT-I T cells. mOVA kidneys were transplanted into B6 recipient mice which had been given adoptive transfers of OT-I T cells pretransplant. One group of transplanted mice were infected on POD 1 with MPyV; the other group was left uninfected. The number of effector allospecific cells present in the MPyV-infected transplant recipients is significantly higher as evidenced by their increased production of IFNγ with SIINFEKL stimulation. Median values ± SEM shown.](txd-3-e161-g004){#F4}

Systemic Viral Infection Without Local Graft Involvement Fails to Promote Rejection
-----------------------------------------------------------------------------------

Acute viral infections can affect local and systemic environments and result in altered pathology. In both humans and mice, it has been demonstrated that acute infections result in decreased graft survival.^[@bib43]-[@bib45]^ To determine whether the kidney allograft rejection we observed was not due to generalized inflammation or another consequence of acute viral infection, we substituted MHV-68 for MPyV. MHV-68, like MPyV, is endemic in mice, but lacks tropism for the kidney, initially replicating in lung tissue and then establishing latency in B cells.^[@bib46]^ For these experiments, we transplanted a B6 mOVA kidney into a nephrectomized B6 mouse. OT-I cells were adoptively transferred approximately 1 day before transplantation, and mice were infected with MHV-68 1 day posttransplantation.

Under these same conditions, we found that 80% of mice infected with MPyV suffered rejection (Figure [2](#F2){ref-type="fig"}). In sharp contrast to the high rejection rate observed with MPyV, the recipient mice infected with MHV-68 exhibited 100% allograft survival (Figure [5](#F5){ref-type="fig"}A). Correspondingly, these mice showed serum creatinine levels consistent with uninfected recipients (Figure [5](#F5){ref-type="fig"}B), and the allografts displayed less histologic evidence of injury compared with those that received MPyV infection (Figure [5](#F5){ref-type="fig"}C). Although we cannot rule out the possibility that another viral infection may recapitulate the results seen with MPyV, these data indicate that a generalized acute viral infection without allograft involvement is insufficient to provoke immunologic injury of the renal allograft.

![Viral infection lacking kidney tropism does not recapitulate the PyV-associated allograft injury phenotype seen in MPyV infection. B6 mOVA donor kidneys were transplanted into B6 recipients with bilateral nephrectomy. Mice were preoperatively given OT-I cells and infected on day 1 posttransplantation. Mice were infected with either MHV-68 or MPyV on day 1 posttransplantation. MPyV data are from Figure [2](#F2){ref-type="fig"} and are shown for comparison. A, Survival. (●) MHV-68 infection (n = 4), (▲) MPyV infection (n = 5). B, Serum creatinine at time of death or day 30. Dots represent individual mice. Dashed line indicates limit of detection. C, Representative histology at day 30. OT-I T cell transfer and MHV-68 infection result is subclinical damage with minimal infiltration (H&E staining; original magnification, ×400).](txd-3-e161-g005){#F5}

DISCUSSION
==========

The interplay between PyV infection, alloimmunity, and the fate of transplanted kidneys remains an area of interest to investigators and importance to clinicians. In the clinical realm, PyV infection in kidney transplant recipients continues to pose significant problems related to morbidity, premature loss of transplanted kidneys, and issues related to the expense and logistics of patient monitoring.^[@bib47]^ It has been reported that polyomavirus-associated allograft nephropathy affects a significant proportion (1-10%) of renal transplant patients and may lead to allograft loss if it is not recognized and treated early.^[@bib28],[@bib48]^ Despite the observed clinical impact of PVAN, the mechanisms by which it contributes to allograft injury are poorly understood.

Previous work from our group established a mouse model of PyV-associated allograft injury and used that model to demonstrate that the adaptive immune response (and not viral mediated injury alone) was essential for PyV-mediated allograft injury. The studies reported herein extend these findings, implicating the predominant role of the antidonor immune response as opposed to the antiviral immune response in the pathogenesis of PyV-associated injury. Support for this conclusion comes from the use of alymphoplasia mice, where only transfer of antidonor T cells is sufficient to cause allograft rejection. In addition, we used a more elegant surrogate minor antigen mOVA system, where OT-I T cell transfer recapitulates allograft injury if and only if the cells are directed against antigens expressed directly by the kidney allograft. Finally, the percentage of antidonor cells with an effector phenotype was significantly higher in the presence of PyV infection.

Because this model requires acute infection with MPyV, we wanted to rule out the possibility that the observed phenotype was simply a general consequence of an acute systemic infection at the time of transplantation. To investigate this possibility, we chose MHV-68, a mouse EBV homologue, because it lacks tropism for the kidney but still results in a systemic infection and inflammation.^[@bib49]-[@bib51]^ As seen in Figure [5](#F5){ref-type="fig"}, infection with MHV-68, in place of MPyV, does not result in substantial functional or histologic evidence of allograft injury. These data suggest that circulating inflammatory molecules and other systemic changes associated with acute infection do not contribute significantly to the pathobiology of PyV-associated allograft injury; rather, it is the local environment of the kidney that must be compromised to promote disease. In support of this conclusion, it has been reported that renal transplant patients with PVAN demonstrate an extremely high level of proinflammatory transcripts in their allografts, greater in magnitude than what is normally seen in cases of acute rejection.^[@bib52]-[@bib55]^

Taken together, these data allow us to propose a mechanism for the pathogenesis of PyV-associated allograft injury (Figure [6](#F6){ref-type="fig"}). The PyV-mediated rejection of a transplanted kidney requires both viral infection and an antidonor T cell response. It is well established that mice tolerate an allogeneic kidney transplant in the absence of infection,^[@bib56]^ so the unmodified alloimmune response generated against the allograft is insufficient to cause rejection. Our previously published data also indicate that direct viral cytopathology alone is insufficient for irreversible graft injury in mice. This is demonstrated by the aly/aly experiment, in which the absence of the adaptive immune response results in survival despite high viral loads. With support from our MHV-68 data, we therefore conclude that the mechanism of action by which MPyV contributes to allograft injury involves localized inflammation driven by viral infection in the kidney. This environment potentiates the alloimmune response such that it becomes sufficiently potent to cause irreversible kidney injury.

![A proposed model describing the mechanism of PyV-mediated kidney allograft injury. As we have demonstrated, direct viral cytopathology of PyV infection alone is insufficient to cause irreversible graft injury in mice. Likewise, it is well established in the literature that mice tolerate an allogeneic kidney transplant, suggesting that alloimmune-mediated injury alone is also insufficient for acute kidney rejection. However, when this alloimmune injury encounters the PyV-induced inflammation of the kidney, the response is boosted, and the kidney is now rejected.](txd-3-e161-g006){#F6}

The observations from these experiments underscore important dynamics between virally mediated immunopathology and alloimmune responses. However, it is necessary to highlight some of the limitations of the model used in this study in relation to its clinical counterpart, BKVN. As mentioned, BK virus is a human PyV which is associated with renal transplantation and its attendant requirement for immunosuppression.^[@bib21]-[@bib24],[@bib57]^ Although polyomavirus-associated nephropathy has been linked to the family of DNA viruses that include BK virus and JC virus, BK virus\'s latent infection in the genitourinary system poses a specific challenge in caring for newly transplanted kidney allograft recipients on immunosuppression.^[@bib58],[@bib59]^ Modeling the pathogenesis of BK viral infection and its resultant associated nephropathy is difficult due to the species specificity of *Polyomaviridae* family members. MPyV, genetically and structurally similar to human polyomaviruses, resembles human BK virus in terms of its prevalence, infectivity, and tropism, but it does not recapitulate all aspects of BKVN in humans.^[@bib60],[@bib61]^ The lack of significant antigen exposure and immune challenges in specific pathogen-free mice limits the mouse model's ability to recapitulate human allospecific responses in vivo. Many groups have demonstrated the importance of virus-specific immunologic memory as a barrier to transplantation.^[@bib1],[@bib4],[@bib14],[@bib16],[@bib62]^ Furthermore, other viruses in the PyV family have failed to demonstrate clinical progression to interstitial nephritis and resultant allograft failure in humans,^[@bib63],[@bib64]^ so the modeling of clinical PVAN with an infectious agent other than BK virus may pose key differences in disease progression or even manifestation. In light of these differences between the mouse model used in this study and the clinical BKVN seen in newly transplanted patients, direct translation of these findings to the pathogenesis and mechanisms of BKVN may not be appropriate. However, the insights provided by these experiments using MPyV-associated allograft rejection and injury remain informative in furthering our understanding of the role that tropic viral infection plays in allospecific injury.

In conclusion, we provide novel data from the mouse model of PyV-associated allograft injury, indicating that an augmented alloimmune response is the primary immunologic mechanism of disease. Importantly, these data highlight a previously undervalued target for therapeutic intervention---the interplay between viral inflammation and host alloimmune response. Many important questions remain: how does an otherwise well-controlled viral infection lead to a subset of activated, pathogenic alloreactive T cells infiltrating the graft? What biochemical signals underlie this trafficking and activation? Although this study provides important data into the nature of virally mediated allograft rejection, it also supports investigation into new studies exploring the compromise of the local kidney environment leading to augmented alloimmune response---an area of interest that explores the broader question of how viral infection interplays with immune-mediated disease progression. By better understanding the pathogenesis of PyV-associated allograft injury and nephropathy, we will be able to improve posttransplant outcomes and extend long-term survival for kidney transplant patients.
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